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(57) ABSTRACT

A composition that includes one or more compounds repre-
sented by the formula
R,(XIR,

wherein R, is an alkyl group having from 4 to 40 carbon
atoms, R, is an aliphatic group having from 4 to 20 carbon
atoms, an aromatic group having from 6 to 20 carbon atoms,
or a cycloaliphatic group having from 5 to 20 carbon atoms,
and X is a heteroatom. The composition has a viscosity
(Kv, o) from 2 to 30 at 100° C., a viscosity index (VI) from
100 to 200, and a Noack volatility of no greater than 20
percent. The disclosure also relates to a process for producing
the composition, a lubricating oil base stock and lubricating
oil containing the composition, and a method for improving
one or more of solubility and dispersancy of polar additives in
alubricating oil by using as the lubricating oil a formulated oil
containing the composition.

19 Claims, 2 Drawing Sheets
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LOW VISCOSITY LUBRICATING OIL BASE
STOCKS AND PROCESSES FOR PREPARING
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/551,623, filed on Oct. 26, 2011;
which is incorporated herein in its entirety by reference.

FIELD

This disclosure relates to low viscosity, low volatility com-
positions that include one or more heteroatom-containing,
aliphatic, aromatic or cycloaliphatic hydrocarbon com-
pounds, a process for producing the compositions, a lubricat-
ing oil base stock and lubricating oil containing the compo-
sition, and a method for improving one or more of solubility
and dispersancy of polar additives in a lubricating oil by using
as the lubricating oil a formulated oil containing the compo-
sition.

BACKGROUND

Lubricants in commercial use today are prepared from a
variety of natural and synthetic base stocks admixed with
various additive packages and solvents depending upon their
intended application. The base stocks typically include min-
eral oils, polyalphaolefins (PAO), gas-to-liquid base oils
(GTL), silicone oils, phosphate esters, diesters, polyol esters,
and the like.

A major trend for passenger car engine oils (PCEOs) is an
overall improvement in quality as higher quality base stocks
become more readily available. Typically the highest quality
PCEO products are formulated with base stocks such as PAOs
or GTL stocks.

PAOs and GTL stocks are an important class of lube base
stocks with many excellent lubricating properties, including
high viscosity index (VI) but have low polarity. This low
polarity leads to low solubility and dispersancy for polar
additives or sludge generated during service. These base
stocks require the use of cobase stocks to improve additive
and deposit solubility.

Therefore, there is a need for polar cobase fluids that pro-
vide appropriate solubility and dispersibility for polar addi-
tives or sludge generated during service of lubricating oils.

The present disclosure also provides many additional
advantages, which shall become apparent as described below.

SUMMARY

This disclosure relates in part to a composition comprising
one or more compounds represented by the formula

Ri(XR,

wherein R, is an alkyl group having from 4 to 40 carbon
atoms, R, is an aliphatic group having from 4 to 20 carbon
atoms, an aromatic group having from 6 to 20 carbon atoms,
or a cycloaliphatic group having from 5 to 20 carbon atoms,
and X is a heteroatom. The composition has a viscosity
(Kv,40) from 2 to 30 at 100° C., and a viscosity index (VI)
from 100 to 200.

This disclosure also relates in part to a composition comp
sing one or more heteroatom-containing hydrocarbon com-
pounds. The one or more heteroatom-containing hydrocar-
bon compounds are produced by a process comprising react-
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ing a polyalphaolefin oligomer or a-olefin (C,-C,,) with an
aliphatic, aromatic or cycloaliphatic alcohol or an aliphatic,
aromatic or cycloaliphatic thiol, optionally in the presence of
a catalyst, under reaction conditions sufficient to produce the
one or more heteroatom-containing hydrocarbon com-
pounds.

This disclosure further relates in part to a process for pro-
ducing a composition comprising one or more heteroatom-
containing hydrocarbon compounds. The process comprises
reacting a polyalphaolefin oligomer or a-olefin (C,-C ;) with
an aliphatic, aromatic or cycloaliphatic alcohol or an ali-
phatic, aromatic or cycloaliphatic thiol, optionally in the pres-
ence of a catalyst, under reaction conditions sufficient to
produce the composition.

This disclosure yet further relates in part to a lubricating oil
base stock comprising one or more compounds represented
by the formula

R (XR,

wherein R, is an alkyl group having from 4 to 40 carbon
atoms, R, is an aliphatic group having from 4 to 20 carbon
atoms, an aromatic group having from 6 to 20 carbon atoms,
or a cycloaliphatic group having from 5 to 20 carbon atoms,
and X is a heteroatom. The lubricating oil base stock has a
viscosity (Kv, o) from 2 to 30 at 100° C., a viscosity index
(V) from 100 to 200, and a Noack volatility of no greater than
20 percent.

This disclosure also relates in part to a lubricating oil
comprising a lubricating oil base stock as a major component,
and a heteroatom-containing hydrocarbon cobase stock as a
minor component. The heteroatom-containing hydrocarbon
cobase stock comprises one or more compounds represented
by the formula

Ri(XIR,

wherein R, is an alkyl group having from 4 to 40 carbon
atoms, R, is an aliphatic group having from 4 to 20 carbon
atoms, an aromatic group having from 6 to 20 carbon atoms,
or a cycloaliphatic group having from 5 to 20 carbon atoms,
and X is a heteroatom. The heteroatom-containing hydrocar-
bon cobase stock has a viscosity (Kv, ) from 2 to 30 at 100°
C., a viscosity index (VI) from 100 to 200, and a Noack
volatility of no greater than 20 percent.

This disclosure further relates in part to a method for
improving one or more of solubility and dispersancy of polar
additives in a lubricating oil by using as the lubricating oil a
formulated oil. The formulated oil comprises a lubricating oil
base stock as a major component, and a heteroatom-contain-
ing hydrocarbon cobase stock as a minor component. The
heteroatom-containing hydrocarbon cobase stock comprises
one or more compounds represented by the formula

Ri(XIR,

wherein R, is an alkyl group having from 4 to 40 carbon
atoms, R, is an aliphatic group having from 4 to 20 carbon
atoms, an aromatic group having from 6 to 20 carbon atoms,
or a cycloaliphatic group having from 5 to 20 carbon atoms,
and X is a heteroatom. The heteroatom-containing hydrocar-
bon cobase stock has a viscosity (Kv, ) from 2 to 30 at 100°
C., a viscosity index (VI) from 100 to 200, and a Noack
volatility of no greater than 20 percent.

In addition to improved solubility and dispersibility for
polar additives and/or sludge generated during service of
lubricating oils, improved feel efficiency can also be attained
in an engine lubricated with a lubricating oil by using as the
lubricating oil a formulated oil in accordance with this dis-
closure. The formulated oil comprises a lubricating oil base
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stock as a major component, and a heteroatom-containing,
aliphatic, aromatic or cycloaliphatic hydrocarbon cobase
stock as a minor component. The lubricating oils of this
disclosure are particularly advantageous as passenger vehicle
engine oil (PVEO) products.

Further objects, features and advantages of the present
disclosure will be understood by reference to the following
drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts "H NMR of the 1-decene dimer product of
Example 2.

FIG. 2 depicts a thermogravimetric (TGA) analysis of the
product of Example 6 and PAO 3.4.

DETAILED DESCRIPTION

All numerical values within the detailed description and
the claims herein are modified by “about” or “approximately™
the indicated value, and take into account experimental error
and variations that would be expected by a person having
ordinary skill in the art.

In an embodiment, this disclosure relates to aliphatic, aro-
matic or cycloaliphatic alcohol (e.g., C,_,, alkyl alcohol, a
Cg-C, 5 Oxo alcohol, a benzyl alcohol, a cyclopentyl alcohol,
and a cyclohexyl alcohol) and aliphatic, aromatic or
cycloaliphatic thiol (e.g., C,-C,, alkyl thiol, 1-butanethiol,
1-hexanethiol, 2-ethylhexylthiol, 1-dodecanethiol, a benzyl
thiol, a cyclopentyl thiol, and a cyclohexyl thiol) containing
Low Viscosity Low Volatility (LVLV) synthetic base stocks.
The double bond terminated alkanes as prepared by c.-olefin
dimerization or ethylene oligomerization (e.g., polyalphaole-
fin oligomer such as mPAO dimer (C,-C,,), trimer (C4-C,),
tetramer (C4-C,,), pentamer (C4-C,p), and hexamer (Cg-
C,o)) are reacted with these various thiols or alcohols to
obtain synthetic base stocks. The products exhibits good
lubricant properties.

The compositions of this disclosure possess low viscosity,
low Noack volatility and superior low temperature properties.
The compositions of this disclosure exhibit excellent bulk
flow properties with built-in polarity.

As indicated above, the compositions of this disclosure
comprise one or more compounds represented by the formula

Ri(XR,

wherein R, is an alkyl group having from 4 to 40 carbon
atoms, R, is an aliphatic group having from 4 to 20 carbon
atoms, an aromatic group having from 6 to 20 carbon atoms,
or a cycloaliphatic group having from 5 to 20 carbon atoms,
and X is a heteroatom. The composition has a viscosity
(Kv,40) from 2 to 30 at 100° C., preferably from 2.1 to 6 at
100° C., and more preferably from 2.2 to 4 at 100° C. The
composition has a viscosity index (VI) from 100 to 200,
preferably from 110 to 180, and more preferably from 120 to
160. As used herein, viscosity (Kv,,,) is determined by
ASTM D 445-01, and viscosity index (VI) is determined by
ASTM D 2270-93 (1998).

The compositions of this disclosure have a Noack volatility
of no greater than 20 percent, preferably no greater than 18
percent, and more preferably no greater than 15 percent. As
used herein, Noack volatility is determined by ASTM
D-5800.

Tlustrative R, substituents include, for example, C,,
alkane hydrocarbons, the residue of mPAO dimers (C4-C,,),
trimers (Cg-C,p), tetramers (C4-C,) and higher oligomers,
pentamer, hexamer, and the like, or a-olefin (C,-C,,). Pref-
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erably, R, is the residue of a mPAO trimer, more preferably a
mPAO dimer (C,,, C 4, C,q, C,, or Cyq). Hlustrative (X)R,
substituents include, for example, the residue of C,-C,, alkyl
thiols, C,-C,, alkyl alcohols, C4-C,; Oxo alcohols, glycol
ethers, and the like. Preferably, (X)R, is the residue of an alkyl
alcohol, e.g., decyl alcohol, or alkyl thiol, e.g., octanethiol.
Tlustrative X heteroatoms include, for example, oxygen (O)
and sulfur (S).

Tustrative compositions of this disclosure include, for
example, heteroatom-containing mPAO dimers, trimers, tet-
ramers, pentamers, hexamers, and higher oligomers, or
a-olefin (C,-C,,). Preferred compositions result from selec-
tive coupling of mPAO dimer (e.g., mPAO 1-decene) with an
aliphatic, aromatic or cycloaliphatic alcohol or an aliphatic
thiol, aromatic thiol or cycloaliphatic thiol (e.g., end-func-
tionalized alkanes decyl alcohol or octanethiol) to form tri-
mer analogues with a polar heteroatom, e.g., sulfur and/or
oxygen.

In particular, compositions of this disclosure include, for
example, the reaction product of vinylidene double bond
terminated 1-octene dimer and octanethiol, reaction product
of vinylidene double bond terminated 1-decene dimer and
benzenethiol, reaction product of vinylidene double bond
terminated 1-decene dimer and cyclohexenthiol, reaction
product of vinylidene double bond terminated 1-octene dimer
and benzenethiol, reaction of vinylidene double bond termi-
nated 1-decene dimer and octanethiol, and the like.

The composition of this disclosure can be prepared by a
process that involves reacting a polyalphaolefin oligomer or
a-olefin (C,-C,,) with an aliphatic, aromatic or
cycloaliphatic alcohol or an aliphatic, aromatic or
cycloaliphatic thiol. The reaction is carried out optionally in
the presence of a catalyst. The reaction is also carried out
under reaction conditions sufficient to produce the composi-
tion.

Iustrative polyalphaolefin oligomers useful in the process
of this disclosure include, for example, mPAO dimers, trim-
ers, tetramers, higher oligomers, and the like.

In an embodiment, the mPAO dimer can be any dimer
prepared from metallocene or other single-site catalyst with
terminal double bond. The dimer can be from 1-decene,
1-octene, 1-dodecene, 1-hexene, 1-tetradecene, 1-octadecene
or combination of alpha-olefins.

In another embodiment, an alkyl olefin such as 1-decene,
1-octene, 1-dodecene, 1-hexene, 1-tetradecene, 1-octadecene
or combination of alpha-olefins can be used to react with alkyl
thiol or alkyl alcohol.

In another embodiment, an alkyl olefin such as 1-decene,
1-octene, 1-dodecene, 1-hexene, 1-tetradecene, 1-octadecene
or combination of alpha-olefins can be used to react with an
aliphatic, aromatic or cycloaliphatic alcohol or an aliphatic,
aromatic or cycloaliphatic thiol.

The olefin feed useful in the process of this disclosure can
elude a light olefinic byproduct fraction including dimers and
light fractions from the metallocene-catalyzed PAO oligo-
merization process. These intermediate light fractions may be
generally characterized as C,, or lower olefinic distillate frac-
tions that contain a mixture of highly reactive oligomers
derived from the original alpha-olefin starting material.

The metallocene-derived intermediate useful as a feed
material is produced by the oligomerization of an alpha-olefin
feed using a metallocene oligomerization catalyst. The alpha
olefin feeds used in this initial oligomerization step are typi-
cally alpha-olefin monomers of 4 to 24 carbon atoms, usually
6 to 20 and preferably 8 to 14 carbon atoms. [llustrative alpha
olefin feeds include, for example, 1-butene, 1-hexene,
1-octene, 1-decene, 1-dodecene, 1-tetradecene, and the like.
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The olefins with even carbon numbers are preferred as are the
linear alpha-olefins, although it is possible to use branched-
chain olefins containing an alkyl substituent at least two car-
bons away from the terminal double bond.

The initial oligomerization step using a metallocene cata-
lyst can be carried out under the conditions appropriate to the
selected alpha-olefin feed and metallocene catalyst. A pre-
ferred metallocene-catalyzed alpha-olefin oligomerization
process is described in WO 2007/011973, which is incorpo-
rated herein by reference in its entirety and to which reference
is made for details of feeds, metallocene catalysts, process
conditions and characterizations of products.

The dimers useful as feeds in the process of this disclosure
possess at least one carbon-carbon unsaturated double bond.
The unsaturation is normally more or less centrally located at
the junction of the two monomer units making up the dimer as
a result of the non-isomerizing polymerization mechanism
characteristic of metallocene processes. If the initial metal-
locene polymerization step uses a single 1-olefin feed to make
an alpha-olefin homopolymer, the unsaturation will be cen-
trally located but if two 1-olefin comonomers have been used
to form a metallocene copolymer, the location of the double
bond may be shifted off center in accordance with the chain
lengths ofthe two comonomers used. In any event, this double
bond is 1,2-substituted internal, vinylic or vinylidenic in char-
acter. The terminal vinylidene group is represented by the
formula R ,R,C—CH,, referred to as vinyl when the formula
is R, HC—CH,. The amount of unsaturation can be quantita-
tively measured by bromine number measurement according
to ASTM D1159 or equivalent method, or according to proton
or carbon-13 NMR. Proton NMR spectroscopic analysis can
also differentiate and quantify the types of olefinic unsatura-
tion.

Tlustrative aliphatic, aromatic or cycloaliphatic alcohols
useful in the process of this disclosure include, for example,
C, .50 alkyl alcohols, C4-C, 5 Oxo alcohols, benzyl alcohol,
cyclopentyl alcohol, cyclohexyl alcohol, and the like. The
alcohols can be primary or secondary, linear or branched
alcohols with alkyl carbon chain length of C,-C,, carbons.
Higher alcohols in the range C,-C,; are of particular indus-
trial significance. This disclosure encompasses the whole
group of primary and secondary, branched and unbranched,
even- and odd-numbered alcohols.

Tlustrative aliphatic alcohols useful in the process of this
disclosure include, for example, methanol, ethanol, 1-pro-
panol, 2-propanol, 1-butanol, (n-butanol), tert-butanol,
1-pentanols, 1-hexanol, 1-heptanols, 1-octanol, 1-nonanol,
1-decanol, 1-dodecanol, 1-hexadecanol, 1-octadecanol,
cyclohexanol, 2,4,4-trimethyl-2-pentanol, and the like, or
combination of those. One can also use functional alkanes to
react with mPAO dimer.

Tlustrative aromatic alcohols useful in the process of this
disclosure include, for example, benzene alcohol, phenol,
2,3.4,5,6,-pentafluorophenol, 2,3,5,6-tetrafluorophenol, 2,3-
dichlorophenol, 2,4-dichlorophenol, 2,5-dichlorophenol,
3,4-dichlorophenol, 3,5-dichlorophenol, 2,4-difltuorophenol,
3,4-difturophenol, 2-bromophenol, 3-bromophenol, 4-bro-
mophenol, 2-chlorophenol, 3-chlorophenol, 4-chlorophenol,
2-fluorophenol, 3-fluorophenol, 4-fluorophenol, 2-chlo-
robenzenemethane alcohol, 4-chlorobenzenemethane alco-
hol, (3-nitrobenzyl) alcohol, (4-nitrobenzyl) alcohol, 4-nitro-
phenol, 2-aminophenol, 3-aminophenol, 4-aminophenol,
2-(trifluvoromethyl)benzene  alcohol, 2-methoxyphenol,
3-methoxyphenol, 4-methoxyphenol, 2-methylbenzene alco-
hol, 3-methylbenzene alcohol, 2-phenoxyethanol, 3-ethox-
yphenol, 2,5-dimethoxyphenol, 3,4-dimethoxyphenol, 2.4-
dimethylphenol, 2.5-dimethylphenol, 2,6-dimethylphenol,
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6
1,3,5-dimethylphenol, 2,6-dimethylphenol, 2-ethylbenzene
alcohol, 2-phenylethanol, 1,2-benzenedimethanol, 1,3-ben-
zenedimethanol, 1,4-benzenedimethanol, 2-isopropylben-
zene alcohol, 4-isopropylbenzene alcohol, 4-(dimethy-
lamino)phenol, 4-tert-butylbenzene alcohol,
triphenylmethanol, and the like, or combination of those.

Tustrative cycloaliphatic alcohols useful in the process of
this disclosure include, for example, cyclohexylthiol, cyclo-
penanethiol, 1-adamantanethiol, and the like, or combination
of those.

Iustrative aliphatic, aromatic or cycloaliphatic thiols use-
ful in the process of this disclosure include, for example,
C,-C,, alkyl thiols, 1-butanethiol, 1-hexanethiol, 2-ethyl-
hexylthiol, 1-dodecanethiol, benzyl thiol, cyclopentyl thiol,
cyclohexyl thiol, and the like. The thiols can be primary or
secondary, linear or branched thiols with alkyl carbon chain
length of C,-C,, carbons. Higher thiols in the range C,-C, ¢
are of particular industrial significance. This disclosure
encompasses the whole group of primary and secondary,
branched and unbranched, even- and odd-numbered thiols.

Iustrative aliphatic thiols useful in the process of this
disclosure include, for example, methanethiol (m-mercap-
tan), ethanethiol (e-mercaptan), 1-propanethiol (n-P mercap-
tan), 2-propanethiol (2C3 mercaptan), 1-butanethiol, (n-butyl
mercaptan), tert-butyl mercaptan, 1-pentane thiols (pentyl
mercaptan), 1-hexanethiol, 1-heptane thiols (heptyl mercap-
tan), 1-octanethiol, 1-nonanethiol, 1-decanethiol, 1-dode-
canethiol, 1-hexadecanethiol, 1-octadecanethiol, cyclohex-
anethiol, 2,4,4-trimethyl-2-pentanethiol, and the like, or
combination of those. One can also use functional thio-al-
kanes to react with mPAO dimer. Examples of functional
thio-alkane include mercaptoethoxy ethanol (HO—CH,—
CH,—O—CH,—CH,—SH), ethanethiol, 2-ethoxy-(CH,—
CH,—O—CH,—CH,—SH), 1-mercapto-4,7,10-trioxaun-
decane (HS—CH,—CH,—O—CH,—CH,—0O—CH,—
O—CH,), 2-(2-methoxyethoxy)ethanethiol,
2-(trimethylsilyl)ethanethiol, 2,2 2-trifluoroethanethiol,
S-mercapto-4H-[1,2,4]triazol-3-0l, thioglycolic acid, 2-mer-
captoethanol, cysteamine, thiolactic acid, methylthioglyco-
late, 2-methoxyethanethiol, 2-mercaptoethyl ether, methylth-
ioglycolate, 2-propene-1-thiol, 3-chloro-1-propanethiol,
L-cysteine, 1-mercapto-2-propanol, 3-mercapto-1-propanol,
4-mercaptobutyric acid, 2-butanethiol, 2-(2-methoxyethoxy)
ethanethiol, 3-mercapto-3-methyl-1-butyl-1-formate, 3-mer-
captobutylacetate, 3-mercapto-1-hexanol, 6-mercapto-1-
hexanol, 2-(butylamino)ethanethiol, 2-ethylhexyl
thioglycolate, 3-mercaptohexyl butyrate, 3-mercaptopropi-
onic acid, 8-mercaptooctanoic acid, 8-mercapto-1-octanol,
11-mercaptoundecanoic acid, 12-mercaptoundecanoic acid,
16-mercaptoundecanoic acid, trimethylopropane tris(3-mer-
captopropionate), 3-mercaptohexylhexaanote, 2-ethylhex-
anethiol, O-[2-(3-mercaptopropionylamino)ethyl]-O'-meth-
ylpolyethylene glycol, O-(2-carboxyethyl)-O'-(2-
mercaptoethyl)heptaethylene glycol, O-(2-mercaptoethyl)-
O'-methyl-hexa(ethylene glycol), Mn=350, poly(ethylene
glycol) methyl ether thiol, Mn=1000, poly(ethylene glycol)
2-mercaptoethylether acetic acid, Mn=1500.

Iustrative aromatic thiols useful in the process of this
disclosure include, for example, benzenethiol, thiophenol,
2,3,4,5,6,-pentafluorothiophenol, 2,3,5,6-tetrafluorophenol,
2,3-dichlorothiophenol, 2,4-dichlorothiophenol, 2,5-dichlo-
rothiophenol, 3.,4-dichlorothiophenol, 3,5-dichlorothiophe-
nol, 2,4-difluorothiophenol, 3,4-difluorothiophenol, 2-bro-
mothiophenol, 3-bromothiophenol, 4-bromothiophenol,
2-chlorothiophenol, 3-chlorothiophenol, 4-chlorothiophe-
nol, 2-fluorothiophenol, 3-fluorothiophenol, 4-fluo-
rothiophenol, 2-chlorobenzenemethanethiol, 4-chloroben-
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zenemethanethiol, (3-nitrobenzyl)marcaptan,
(4-nitrobenzyl)marcaptan, 2-mercaptobenzeyl alcohol, 4-ni-
trothiophenol, 2-mercaptophenol, 3-mercaptophenol, 4-mer-
captophenol, 2-aminothiophenol, 3-aminothiophenol, 4-ami-
nothiophenol, 2-(trifluoromethyl)benzenethiol, 4-bromo-2-
fluorobenzyl mercaptan, 4-chloro-2-fluorobenzyl mercaptan,
3,4-difluorobenzyl mercaptan, 3,5-difluorobenzyl mercap-
tan, 2-bromobenzyl mercaptan, 3-bromobenzyl mercaptan,
4-bromobenzyl mercaptan, 3-fluorobenzyl mercaptan,
4-fluorobenzyl mercaptan, 2-methoxythiophenol, 3-methox-
ythiophenol, 4-methoxythiophenol, 2-methylbenzenethiol,
3-methylbenzenethiol, benzylmercaptan, 4-(methylsulfanyl)
thiophenol, 2-phenoxyethanethiol, 3-ethoxythiolphenol,
4-methoxy-a-toluenethiol, 2,5-dimethoxythiphenol, 3.4-
dimethoxythiphenol, 2.4-dimethylthiphenol, 2,5-dimeth-
ylthiphenol, 2,6-dimethylthiphenol, 3,5-dimethylthiphenol,

2,6-dimethylthiphenol, 2-ethylbenzenethiol, 2-phenyle-
thanethiol, 1,2-benzenedimethanethiol, 1,3-benzene-
dimethanethiol, 1,4-benzenedimethanethiol, 2-isopropyl-

benzenethiol, 4-isopropylbenzenethiol, 4-(dimethylamino)
thiophenol, 1-naphthalenethiol, 2-naphthalenethiol, 2.4,6-
trimethylbenzyl mercaptan, 4-tert-butylbenzyl mercaptan,
4-tert-butylbenzenethiol, tert-dodecylmercaptan, triphenyl-
methanethiol, and the like, or combination of those.

Tlustrative cycloaliphatic thiols useful in the process of
this disclosure include, for example, cyclohexylthiol, cyclo-
penanethiol, 1-adamantanethiol, and the like, or combination
of those.

Tlustrative alkyl alcohols and alkyl thiols useful in the
process of this disclosure include, for example, decyl alcohol,
octanethiol, butanethiol, and the like. The alkyl alcohols can
be primary or secondary, linear or branched alcohols with
alkyl carbon chain length of C,-C,,, carbons. Higher mono-
hydric alcohols in the range C4-C, ¢ are of particular industrial
significance. This disclosure encompasses the whole group of
primary and secondary, branched and unbranched, even- and
odd-numbered alcohols.

The C4-C; and C,,-C, 5 alcohols are used as ‘plasticizer
alcohols’ and ‘detergent alcohols’. Other alcohols are fatty
alcohols that are available as natural products. Fats and oils
from renewable resources such as rapeseed, sunflower seed,
and flaxseed have been used increasingly as raw materials for
alcohol production.

‘Ox0’ alcohols are high volume inexpensive materials and
can be useful in the process of this disclosure. ‘Oxo’ alcohols
with chain length of C,-C, are mainly used, directly or after
esterification with carboxylic acid (e.g., acetic acid), as sol-
vents for the paint and plastic industry. The C4-C,; ‘Oxo0’
alcohols obtained from olefin oligomers (e.g., isoheptenes,
diisobutenes, tripropenes) on reaction with phthalic anhy-
dride are used as PVC plasticizers.

Other types of alcohols useful in the process of this disclo-
sure include glycol ethers. For example, one can be use glycol
ethers like di(ethylene glycol)monohexyl ether, tri(ethylene
glycol)monomethyl ether, tri(propylene glycol)monomethyl
ether, tri(ethylene glycol)monoethyl ether, tri(ethylene gly-
col)monobutyl ether, di(ethylene glycol)monoethyl ether,
di(ethylene glycol)monobutyl ether, tri(propylene glycol)
monopropyl ether, tri(propylene glycol)monobutyl ether,
poly(ethylene glycol) dodecyl ether (Brij 30), ethylene glycol
mono-2-ethylhexyl ether.

The aliphatic, e.g., alkyl, thiols useful in the process of this
disclosure can be linear or branched, even or odd alkyl carbon
chain length of C,-C,, carbons. Examples of alkyl thiols
include  1-butanethiol, 1-hexanethiol, 1-octanethiol,
1-nonanethiol, 1-decanethiol, 1-dodecanethiol, 1-hexade-
canethiol, 1-octadecanethiol, cyclohexanethiol, 2,4,4-trim-
ethyl-2-pentanethiol, and the like, or combination of those.
One can also use functional thio-alkanes to react with mPAO
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dimer. Examples of functional thio-alkanes include mercap-
toethyoxy ethanol (HO—CH,—CH,—0O—CH,—CH,—
SH), ethanethio, 2-ethoxy-(CH,—CH—CH,—SH), 1-mer-
capto-4,7,10-trioxaundecane (HS—CH,—CH,—0—
CH,—CH,—0O—CH,—CH,—0—CH,).

Tustrative catalysts that optionally can be used in the
process of this disclosure include, for example, free-radical
initiators for olefin-thiol reaction, acid catalysts for olefin-
alcohol reactions, and the like. Other suitable catalysts
include, for example, free-radical initiators that can be used
for olefin-thiol reactions. The free radical initiators are well
known to those skilled in the art. Illustrative initiators include,
but are not limited to, organic peroxides, such as alkyl perox-
ides, dialkyl peroxides, aroyl peroxides and peroxy esters,
and azo compounds. Preferred alkyl hydroperoxides include
tertiary-butyl hydroperoxide, tertiary-octyl hydroperoxide
and cumene hydroperoxide; preferred dialkyl peroxides
include ditertiary-butyl peroxide, 2,5-dimethyl-2,5-di(t-bu-
tylperoxy)hexane and di-cumyl peroxide; preferred aroyl
peroxides include benzoyl peroxide; preferred peroxy esters
include tertiary-butyl peroxypivalate, t-butylperoxy-2-ethyl-
hexanoate (Trigonox 21®) and tertiary-butyl-perbenzoate;
and preferred azo compounds include azo-bis-isobutyroni-
trile. Free radical initiators with an appropriate half-life at
reaction temperatures ranging from 50° C. to 300° C. can be
used. Of these, t-butyl peroxypivalate, t-butylperoxy-2-eth-
ylhexanoate (Trigonox 21®) and t-butyl peroxide are most
preferred. The catalyst can be used in conventional amounts
needed to catalyze the reaction of the polyalphaolefin oligo-
mer or alpha olefin and the end-functionalized alkane.

Suitable olefin-alcohol and olefin-thiol reaction acid cata-
lysts that can be used include, for example, acidic catalysts
that can be a Lewis acid. The Lewis acid catalysts useful for
coupling reactions include metal and metalloid halides con-
ventionally used as Friedel-Crafts catalysts. Suitable
examples include AlICl,, BF;, AlBr;, TiCl,, and TiCl,, either
as such or with a protic promoter. Other examples include
solid Lewis acid catalysts, such as synthetic or natural zeo-
lites; acid clays; polymeric acidic resins; amorphous solid
catalysts, such as silica-alumina; and heteropoly acids, such
as the tungsten zirconates, tungsten molybdates, tungsten
vanadates, phosphatungstates and molybdatungstovana-
dogermanates (e.g. WO,/ZrO, and WO, /MoO,). Beside
these catalysts, acidic ionic liquid can also be used as cata-
lysts for coupling reactions. Among different catalysts poly-
meric acidic resins, such as Amberlyst 15, Amberlyst 36 are
most preferred. Typically, the amount of acid catalyst used is
0.1 to 30 weight % and preferably 0.2 to 5 weight % based on
total weight of the feed.

Reaction conditions for the reaction of the polyalphaolefin
oligomer with the with then aliphatic, aromatic or
cycloaliphatic alcohol or the aliphatic, aromatic or
cycloaliphatic thiol, such as temperature, pressure and con-
tact time, may also vary greatly and any suitable combination
of such conditions may be employed herein. The reaction
temperature may range between 25° C. to 250° C., and pref-
erably between 30° C. to 200° C., and more preferably
between 60° C. to 150° C. Normally the reaction is carried out
under ambient pressure and the contact time may vary from a
matter of seconds or minutes to a few hours or greater. The
reactants can be added to the reaction mixture or combined in
any order. The stir time employed can range from 0.5 to 48
hours, preferably from 1 to 36 hours, and more preferably
from 2 to 24 hours.

In an embodiment, the process of this disclosure involves
selective coupling of mPAO (metallocene polyalphaolefin)
1-decene dimer with an aliphatic, aromatic or cycloaliphatic
alcohol or an aliphatic, aromatic or cycloaliphatic thiol (e.g.,
end-functionalized alkanes) to form decene trimer analogues
with polar heteroatom that can render unique lube properties
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(i.e., low viscosity PAO like excellent bulk flow properties
with built-in polarity). As illustrated below, a polyalphaolefin
(e.g., mPAO 1-decene dimer) can be reacted with alkyl thiol
or alkyl alcohol (e.g., decyl alcohol—analogous to Oxo alco-
hol) to obtain a low viscosity fluid.

oH
§_§+
o
0
§—§+SH .
]
S

Examples of techniques that can be employed to charac-
terize the compositions formed by the process described
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above include, but are not limited to, analytical gas chroma-
tography, nuclear magnetic resonance, thermogravimetric
analysis (TGA), inductively coupled plasma mass spectrom-
etry, differential scanning calorimetry (DSC), volatility and
viscosity measurements.

This disclosure provides lubricating oils useful as engine
oils and in other applications characterized by excellent sol-
vency and dispersancy characteristics. The lubricating oils
are based on high quality base stocks including a major por-
tion of a hydrocarbon base fluid such as a PAO or GTL with
a secondary cobase stock component which is a heteroatom-
containing, aliphatic, aromatic or cycloaliphatic hydrocarbon
as described herein. The lubricating oil base stock can be any
oil boiling in the lube oil boiling range, typically between 100
to 450° C. In the present specification and claims, the terms
base 0il(s) and base stock(s) are used interchangeably.

The viscosity-temperature relationship of a lubricating oil
is one of the critical criteria which must be considered when
selecting a lubricant for a particular application. Viscosity
Index (VI) is an empirical, unitless number which indicates
the rate of change in the viscosity of an oil within a given
temperature range. Fluids exhibiting a relatively large change
in viscosity with temperature are said to have a low viscosity
index. A low VI oil, for example, will thin out at elevated
temperatures faster than a high VI oil. Usually, the high V1 oil
is more desirable because it has higher viscosity at higher
temperature, which translates into better or thicker lubrica-
tion film and better protection of the contacting machine
elements.

In another aspect, as the oil operating temperature
decreases, the viscosity of a high VI oil will not increase as
much as the viscosity of a low VI oil. This is advantageous
because the excessive high viscosity of the low VI oil will
decrease the efficiency of the operating machine. Thus high
VI (HVI) oil has performance advantages in both high and
low temperature operation. VI is determined according to
ASTM method D 2270-93 [1998]. VI is related to kinematic
viscosities measured at 40° C. and 100° C. using ASTM
Method D 445-01.

Lubricating Oil Base Stocks

A wide range of lubricating oils is known in the art. Lubri-
cating oils that are useful in the present disclosure are both
natural oils and synthetic oils. Natural and synthetic oils (or
mixtures thereof) can be used unrefined, refined, or rerefined
(the latter is also known as reclaimed or reprocessed oil).
Unrefined oils are those obtained directly from a natural or
synthetic source and used without added purification. These
include shale oil obtained directly from retorting operations,
petroleum oil obtained directly from primary distillation, and
ester oil obtained directly from an esterification process.
Refined oils are similar to the oils discussed for unrefined oils
except refined oils are subjected to one or more purification
steps to improve the at least one lubricating oil property. One
skilled in the art is familiar with many purification processes.
These processes include solvent extraction, secondary distil-
lation, acid extraction, base extraction, filtration, and perco-
lation. Rerefined oils are obtained by processes analogous to
refined oils but using an oil that has been previously used as a
feed stock.

Groups I, IL, IIL, IV and V are broad categories of base oil
stocks developed and defined by the American Petroleum
Institute (API Publication 1509; www.APlLorg) to create
guidelines for lubricant base oils. Group I base stocks gener-
ally have a viscosity index of between 80 to 120 and contain
greater than 0.03% sulfur and less than 90% saturates. Group
1I base stocks generally have a viscosity index of between 80
to 120, and contain less than or equal to 0